Carbapenem-resistant Enterobacteriaceae (CRE) had emerged globally and have 2 become a major threat to public health (1, 17) . Carbapenem resistance may be caused 3 by a variety of mechanisms and have been identified in a variety of Enterobacteriaceae 4 species (1, 20) . In 2006, an epidemic strain of KPC-3-producing Klebsiella 5 pneumoniae, exhibiting resistance to nearly all antimicrobial agents, has spread in all 6 major Israeli hospitals (11, 16) . This strain, identified as Sequence Type (ST) 258, is 7 identical to the epidemic strain that had spread across the USA (9, 12) and is 8 characterized by high minimal inhibitory concentration (MIC) values of carbapenem 9 antibiotics (16). 10
As gastrointestinal carriage may serve as a reservoir for CRE cross-transmission 11 in healthcare settings, active surveillance among high risk patients has been deemed 12 important for controlling this epidemic in acute care facilities (2, 23) . The 13 implementation of a reliable and sensitive method for detection of this strain, as well as 14 other CRE is therefore critical to the success of infection control measures. Although 15 PCR-based methods have been proven to be highly sensitive and reliable for rapid 16 diagnosis (8, 22), these methods require expertise that are not readily available in many 17 centers. Moreover, as emergence and spread of other types of CRE is increasingly 18 reported (7, 19), culture-based methods are still essential for the initial detection of 19 these strains. 20
In our center, we have been using MacConkey agar supplemented with 21 imipenem 1 µg/mL (HyLabs, Rehovot, Israel) as the main agar-screening plate for the 22 detection of CREs from rectal swabs. In the present study, we compared this method to 23 two other culture-based methods, namely CHROMagar-KPC (HyLabs, Rehovot, Israel) 24
Plates were incubated over-night at 35°c in ambient air and then read. The LOD was 1 determined based on the minimal colony count allowing detection on the respective 2 screening plate. The cost of each method per one sample was as following: Chrom-7.27 3 NIS; MacI-2.1 NIS; MacD-1.95 NIS (1 USD= 3.6 NIS). 4 
5
Detection and identification of CRE from rectal swabs 6
We compared the three agar-based methods for the detection of CRE directly from 7 rectal swabs. Swabs were vortexed for 10 seconds and 100 µl aliquots were plated onto 8 the three different selective agar plates in parallel. Plates were then processed as 9 described above. Following incubation plates were visualized for suspected CRE 10 growth by two different observers. 11 CRE colonies on Chrom were identified according to the manufacturer's 12 instructions (Klebsiella & Enterobacter species-medium-size dark metallic blue 13 colonies; E. coli -medium-to-large size pink/dark rose colonies). CRE colonies on 14
MacI and MacD were identified as any typical growth of lactose-fermenting pink 15 colonies on the plate or within a 21mm diameter of at least one of the carbapenem 16 disks, respectively. Suspected CRE colonies were sub-cultured from the respective 17 screening plate onto standard MacConkey plates. Identification and antimicrobial 18 susceptibility testing (AST) of bacterial strains was then performed by the VITEK-2 19 system using GN-ID and GN09 cards (bioMerieux, Marcy l'Etoile, France). Imipenem 20 and meropenem MIC was verified by the E-test (AB Biodisk, Solna, Sweden). 21
Susceptibility was determined using MIC breakpoints of the Clinical and Laboratory 22
Standards Institute (CLSI) 2010 criteria (4) . 23
Isolates non-susceptible to either imipenem or meropenem were defined as CRE 24 positive and were subject to PCR for the bla KPC gene according to a previously 25 described protocol (22) . PCR-negative isolates were further tested by the modified 1
Hodge test (MHT) according to CLSI recommendations (4). 2
The following were calculated for each of the methods: sensitivity, specificity, 3 positive-predictive value (PPV), negative-predictive value (NPV) and overall accuracy. 4
A true positive was defined as growth with phenotypic features compatible with CRE 5 diagnosed as CRE by confirmatory testing. False positive was defined as growth with 6 phenotypic features compatible with CRE diagnosed as non-CRE by confirmatory 7 testing. We also calculated the turnaround time (TAT) as time elapsed from sample 8 receipt in the laboratory to communication of final result to the clinician. 9
RESULTS

1
Analytical sensitivity of the 3 screening plates for identification of different CRE 2 strains 3
The reference strains used, MIC of different carbapenems and growth performance with 4 studied screening methods are summarized in Table 1 . Strains exhibited varied MICs to 5 different carbapenems. Any growth was detected in 10/10 on MacI, 9/10 on Chrom and 6 4/10 on MacD. With MacI, the LOD for detected strains was <10 4 cfu/mL in 8/10. The 7 respective rates were 2/4 for MacD and 7/9 for Chrom. All 3 CRE screening plates 8 detected successfully all the strains with MIC of 32 µg/mL or higher for all 9 carbapenems. These included the epidemic K. pneumoniae ST 258 (strain 490), strains 10 14 and 2577 (Table 1) . These strains were detected at a lower inoculum by Chrom and 11
MacI, but only at a higher inoculum (10-fold) by MacD. For the 9 strains that grew on 12 both MacI and Chrom, the LOD was lower with MacI for 3 and similar with both media 13 Imipenem -6, >32, and >32 µg/mL; meropenem -8, >32 and >32 µg/mL, respectively. 22
All isolates, but one, tested positive by bla KPC PCR. The PCR-negative isolate was K. 23 pneumoniae that tested negative by the MHT and had the lowest MIC values-1 and 6 24 µg/mL to imipenem and meropenem, respectively. 25
The performance of different screening media is summarized in Table 2 Of CREs, 67% were detected by all media, 12% by two media and 21% by only one 3 type of medium. There were 12, 6, and 11 samples in which growth on Chrom, MacI 4 and MacD, respectively, was initially mistaken for CRE, resulting in unnecessary 5 laboratory work-up. The implicated false positive isolates were mainly carbapenem-6 susceptible Enterobacteriaceae and also Acinetobacter baumannii. Chrom and MacI 7 showed a similar sensitivity and negative predictive values, but MacI had superior 8 specificity and positive predictive value and thus greater overall accuracy. The 9 turnaround times were comparable. MacD had clearly inferior sensitivity and its 10 specificity was similar to that of Chrom. 11
In this study, we compared the performance of three culture-based screening methods, 2 for the detection of CRE from surveillance rectal swabs. In the clinical evaluation 3 study, we found that both Chrom and MacI screening plates had a comparable 4 sensitivity and negative-predictive value in detection of the highly-resistant bla KPC -5 producing CRE that had spread in our hospital and exhibits high-level carbapenem 6 resistance (11). MacI had higher specificity and positive-predictive value as compared 7 to Chrom. Both screening plates were superior to MacD, in line with previous reports 8 (21) . Notably, MacI performed slightly better than Chrom during the laboratory 9 evaluation and both were superior to MacD (Table 1) . Only strains that were highly 10 resistant to at least Ertapenem (Etest MIC value≥32 µg/mL) were detected by all 3 11 methods. Two strains with an Etest MIC of 12 µg/mL (1679 and 533) were not detected 12 by the MacD method. This might be explained by the fact that we used inocula that 13 were at least 10-fold lower than the standard 0.5 McFarland, that better resemble 14 physiologic conditions. The difference in sensitivity between MacI and Chrom was not 15 apparent during the surveillance study, as the dominant CRE at the time of study in our 16 hospital was the bla KPC -producing K. pneumoniae that is characterized by a high-level 17 of resistance to carbapenems (11) . However, with the increase in the diversity of CRE 18 strains from different genera with variable MIC values (5-7, 14-15), the higher 19 sensitivity of the MacI plates is likely to become important for adequate detection of 20 CRE carriage. 21
MacI media had higher specificity, i.e. was the least likely to require additional 22 work-up following growth of non-CRE strains (either carbapenem-susceptible 23
Enterobacteriaceae or A. baumannii). This medium is considerably cheaper as 24 compared to Chrom which had similar performance during clinical evaluation. 25 Combining these factors, in our hands, MacI appeared to be superior to the other two 1 methods as the primary method for CRE surveillance. 2
Several studies have compared the performances of different culture-based 3 methods, either to direct detection by PCR (8, [21] [22] or to other culture-based methods 4 (10, 13). A summary of these studies is presented in Table 3 . The differences in studied 5 populations, laboratory methods and study design make a head-to-head comparison 6 difficult, but several conclusions can be made: 1. Among agar-based methods, the use 7 of carbapenem disks on MacConkey plates appears to be the least sensitive; 2. Unlike 8 screening for vancomycin-resistant enterococci (18) , enrichment in broth was not 9 superior to direct plating (13). Our study adds to the current literature the direct 10 comparison of MacI with two previously described agar-based methods, along with an 11 examination of the analytic sensitivity of these methods in detecting various types of 12 CRE strains. Although direct detection by PCR has the advantage of rapid identification 13 of CRE carriers, it is limited to the detection of CRE that harbor the target β-lactamase 14 gene, e.g. bla KPC , and will inevitably miss non-carbapenemase producing CRE or those 15 who carry other genes, such as bla VIM-1 or bla NDM-1 (New Delhi Metallo-β-lactamase-1). 16
Moreover, the recovery of CRE strains is essential in order to perform molecular 17 epidemiology studies (e.g., pulse-field gel electrophoresis), especially in an outbreak 18 situation, in order to better direct infection control measures. 19
In conclusion, in geographic regions such as Israel, where CRE of various genera 20
and with a wide range of MICs to carbapenems are being discovered (5-7, 14-15), the 21 use of MacConkey agar supplemented with imipenem 1µg/mL is the most appropriate 22 for detection of CRE carriage. This screening plate offers a sensitive, convenient and 23 relatively low-cost method for identifying CRE species and it is able to detect even 24 CRE species with relatively low carbapenem MICs. 25 Chrom-CHROMagar-KPC plates; MacI-MacConkey agar with imipenem 1 µg/mL; MacD-MacConkey agar plates with standard imipenem, meropenem and ertapenem 10 µg paper disks; CRE-carbapenem-resistant Enterobacteriaceae; TAT-turnaround time. 
